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                                                                  Abstract 
In view of obtaining converters with high voltage conversion ratio for applications like battery back-up 
systems. In this paper, such a converter is obtained by combining the passive and active switched inductor 
units. The symmetrical topology of the converter is analyzed and compared with conventional converters 
based on voltage gain, switching voltage stress and also inductor losses. The competency of this converter 
in a photovoltaic application to boost the output voltage using FPGA pulse is also analyzed and the results 
are presented. 
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INTRODUCTION 
When the prime power source is unavailable for 
applications using large data, a backup 
battery system provides power to data center. Grid-
connected photovoltaic (PV) systems are the most 
popularly considered primary source to many 
applications. These backup batteries should be kept 
charged from the primary source through a 
converter [1]. Existing PV panels have a lower and 
varying output voltage. To charge the backup 
batteries and also to keep them fully charged at all 
times a high gain converter is required in 
applications to condition the solar energy from 
panels for further use.  A normal boost converter 
cannot meet this requirement as the required ratio is 
around ten times [2]. Hence, other high gain 
converters are preferred as it has more flexibility to 
provide the power with higher efficiency and lower 
current ripple [3]. 
 
In this paper, such a high gain converter is 
discussed and analyzed for providing a high 
conversion gain for such application. Figure 1 
represents a grid-integrated system with battery 
back-up. 
 
 Fig. 1: Block Diagram of Hybrid Switched-
Inductor Converter Fed Photovoltaic System. 
 
SWITCHED-LC CONVERTERS 
For applications involving photovoltaic panels, high 
conversion gain is obtained by infusing switched 
inductor and capacitor topologies. A detailed study 
of such topology has been given in [4]. In this 
paper, one of such topology is discussed and 
analyzed with a conventional converter. Figure 2 
shows a circuit of a switched inductor-capacitor 
(LC) converter to produce high ratio. 
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Fig. 2: Switched LC Boost Converter. 
 
Since the volatge gains of the switched inductor 
based boost converters are low and have high 
switch voltage stress adding to its complexity, 
hence its use is limilted to meet the demands of the 
inverter [5]. In such cases, both swirched capacitor 
and switched inductor topologies are infused to give 
the required  value for practical applications. The 
working of switched LC converters in both 
contionous and dicontinous category have been 
explained detail in [6–8].  
Continuous Conduction Mode 
This section illustrates the operating principle of the 
Switched LC (SLC) in continuous-conduction mode 
(CCM) operation. The working circuit diagram for a 
symmetrical topology of SL converter is shown in 
Figure 3. The continuous mode of operation of the 
circuit can be divided into two modes depending on 
whether switches S1 and S2 are turned ON / OFF. 
The equivalent circuit of the converter during each 
mode are given in Figure 3 below. 
 
Fig. 3: Mode 1 and Mode 2 in Both CCm (and 
DCM Operation) of the S-LC Converter. 
 
In the discontinuous mode of operation has three 
modes differing only in mode 3. Mode 1 and Mode 
2 of the DCM is similar to that of the CCM 
operation similar to previous topology. In Mode 3 
of DCM operation, the switches remain OFF and 
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the load is supplied by the capacitor. The equivalent 
circuit of the mode is given in Figure 5.  
 
Fig. 4: Mode 3 in the DCM Operation of S-LC 
Converter. 
The voltage, current and the diode equations for 
both the continuous conduction mode and 
discontinuous conduction mode of the symmetrical 
hybrid-inductor converter we use in the study are 
explained. 
The key waveforms of the S-LC converter are 
depicted in Figure 5 below. 
 
Fig. 5: Waveform for Both Operation in S-LC 
Converter. 
PERFORMANCE ANALYSIS OF S-LC 
To verify its performance, the switched LC 
converter topology will be analysed and compared 
with a conventional boost converter. Figure 6 shows 
the circuit diagram of the conventional boost 
converter considered for the analysis. 
 
Fig. 6: Conventional Boost Converter. 
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The detailed analysis with formulas and result has 
been discussed. The overall analysis results are 
shown as follows [9–11]: 
               Table 1: Performance Comparison. 
Analysis 
Switched LC 
Converter 
Boost 
Converter 
Voltage 
Ratio   
Voltage 
Stress   
Inductor 
Current   
 
Performance based on Gain Ratio 
The voltage gains of the converters are calculated in 
terms of the duty cycle based on the formula. The 
graphical comparison for conversion ratio of the 
converter is given below in Figure 7. 
.  
Fig. 7: Comparison of Voltage Gain. 
 
Considering non-coupled inductor-type converters 
for analysis, the high gain ratio achieved in the 
switchedLC converter can be used for practical 
applications rather than conventional converter. 
 
Performance based on Voltage Stress 
The performances of the converters are analyzed 
based on the voltage stress across the switching 
devices in the circuit. The graphical comparison 
between the converters is shown in Figure 8. 
 
 
Fig. 8: Comparison of Voltage Stress. 
 
To achieve the same voltage gain ratio, the boost 
converter producesa higher voltage stress across the 
switch; whereas the switch voltage stress is greatly 
reduced in switched LC converter. 
Performance based on Inductor Current  
The performances of the converters are analyzed 
based on the current across the inductor in the 
circuit, which in this case is calculated in terms of 
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their voltage gain. The comparison is presented 
graphically in Figure 9 below. 
.  
Fig. 9: Comparison of Inductor Current. 
 
For the same value of the voltage gain ratio, the 
inductor current value is much higher in 
conventional converter than that of the LC 
converter. Therefore, reduced inductor loss is 
achieved in switch LC converter than the 
conventional converter. The voltage gain of 
conventional converter is smaller than switched LC 
and also presenting high stress across the devices 
and inductor losses. Considering the system design, 
the symmetrical topology is preferred to produce 
the required output voltage. 
SIMULATION WITH PV MODEL 
The simulation circuit of symmetrical hybrid 
switched-inductor converter with dc voltage source 
is shown in Figure 10. And its output voltage and 
current waveform is given obtained as shown in 
Figure 11. 
 
 
Fig. 10: Simulation Circuit of S-LC Converter. 
 
 
Fig. 11: Voltage and Current Waveform of S-LC 
Converter. 
 
The simulation is also carried out by designing a 
photovoltaic panel, to source the converter. The 
design is based on single-diode model of the PV [9–
10]. The PV panel is designed by modelling each 
block based on the following PV equation.  
IPV= NPIph− NP I0     (1) 
 
Journal of Power Electronics and Devices  
Volume 2 Issue 3 
 
 
 
 
7            Page 1-11 © MAT Journals 2016. All Rights Reserved 
 
The reference model considered in this paper is 
based on the Solkar 36W PV module for which the 
data sheet is also given in [12, 13]. For the 
simulation, we will be considering 2 PV panels 
connected in series each with maximum voltage of 
16.54V with maximum current of 2.25V and 
maximum power of 37.08W. Hence, PV array size 
of 2 × 1 with maximum voltage of 33.08V and 
maximum power of 74.16W is used to carry out the 
simulation at the standard test conditions. The 2 × 1 
photovoltaic array designed from the single diode 
model studied above is implemented in simulation 
as shown in Figure 12 and the required 
characteristic graph is reached as shown in Figure 
13. 
 
 
Fig. 12: Simulation of the Photovoltaic Array. 
 
Fig. 13: PV Characteristics for the Simulated PV 
Array. 
 
Then, the incremental conductance algorithm is 
used to code a program using MatLab for tracking 
the maximum power point for the designed PV 
array by tracking its incremental change in the PV 
array power using change in its current and voltage 
[14]. The overall circuit model of symmetrical 
hybrid switched converter interfacing with 
photovoltaic array using incremental conductance is 
conveyed in Figure 14. 
 
Fig. 14: Simulation Circuit. 
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As studied earlier, the symmetrical hybrid switched-
inductor converter operates at higher gain. The 
incremental conductance algorithm was used in 
MatLab for interfacing the PV array with the 
switched LC converter. The overall comparison of 
the power through the circuit is depicted in Figure 
21 in the conclusion [15, 16]. 
HARDWARE WITH FPGA BLOCK 
In this session, a hardware prototype of the 
switched LC converter is designed with pulses from 
FPGA and its output is verified. A field-
programmable gate array (FPGA) is an integrated 
circuit board used to design based on our needs. 
FPGA is a wired connection of programmable block 
which acts like logic gates to produce pulses for 
many applications. It may also include some 
memory block consisting of either flip-flops or 
some complex memory blocks.  
For the course of hardware implementation, Basys 2 
Spartan-3E FPGA trainer board is used to design 
the pulse for the converter switches. Basys 2 is used 
to design from basic logic circuit to complex 
controllers with a large collection of I/O ports and 
other supported circuits inbuilt in it. Basys 2 board 
works effortlessly with all versions of the Xilinx 
ISE
®
 tools. An overview of the Basys2 trainer board 
is shown in Figure 15. 
 
Fig. 15: Basys 2 Spartan-3E Trainer Board. 
 
 
Since the S-LC converter design is operated in an 
open loop form, the pulse given to the two switches 
is obtained from an open loop block designed in 
MatLab using the Xilinx’s block. Figures 16 to 17 
show the blocks and open loop pulse generated 
using FPGA. 
 
Fig. 16: Xilinx Block for Open Source. 
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Fig. 17: Open Loop Pulse for the Converter. 
 
 
Fig. 18: Pulse from Basys 2 Trainer Board. 
The pulse from the FPGA board is given to the 
gating circuit, which in turn regulates the pulse 
given to the switch used in the switched LC 
converter. The gate circuit mainly consists of a 
diode bridge rectifier, optocoupler (HCPL 3120) 
and a regulator (KA7815). Gate circuit for the 2 
switches in the converter is shown in Figure 19. 
 
Fig. 19: Gate Circuit. 
 
The overall hardware prototype of the switched LC 
converter that produces a gain around 6 is designed 
considering the design parameters from Table 2. 
The overall setup with an open loop pulse from the 
FPGA kit for the gate circuit is shown in Figure 20.  
                        Table 2: Circuit Components. 
Components S-LC Values 
Input Voltage (Vin) 20-40V 
Switching Frequency (fs) 10kHz 
Inductors (L1a, L1b, L2a, L2b) 5μH 
Power MOSFET(s1, s2) FQPF 8n60c 
Diodes 10A10, 10A 
Input Capacitor 300μH 
Output Capacitor 470μH 
 
 
Fig. 20: Overall Circuit Structure. 
Journal of Power Electronics and Devices  
Volume 2 Issue 3 
 
 
 
 
10            Page 1-11 © MAT Journals 2016. All Rights Reserved 
 
 
Fig. 21: Simulated Power Curve. 
CONCLUSION 
The output voltage and current waveform of the 
symmetrical hybrid switched-inductor converter 
shows the gain of the converter to be around 6, 
which in many cases, can feed small grid 
applications like battery back-up system. The input 
and output power was compared figuratively 
through simulation with the expected values using 
incremental conductance MPPT algorithm. The 
hardware for this converter structure was designed 
and carried out by providing an open loop pulse 
from FPGS through Xilink blocks with the scope 
for future study. 
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